The effect of ageing was evaluated on quality parameters (pH, electrical conductivity (EC), osmolality, drip loss (DL) and cooking loss (CL)), proteins, fat and 25-hydroxyvitamin D (25-OH-D) total levels and antioxidant status (malondialdehyde (MDA) and catalase (CAT) activity) in meat of camels during storage at 4 ± 1 °C. Samples were taken from the brachial triceps muscle (triceps barchii) and were stored at 4 ± 1 °C for 10 d. Quality parameters, chemical composition and antioxidant status were assessed at 3 h and 24 h postslaughter and 5, 7 and 10 d postmortem during cold storage. CAT activity significantly decreased while osmolality, EC, DL, CL and MDA contents significantly increased, from the 5th or 7th postmortem day of cold storage of the camel meat. However, proteins, lipids and 25-OH-D total contents showed no significant differences during all period of ageing. In conclusion, in the dromedary camel, ageing time of triceps muscle influenced significantly its quality characteristics and antioxidant status from the 5th or 7th postmortem day of refrigerated storage, without any variation of proteins, fat and 25-OH-D contents.
Introduction


The dromedary camels occupy an essential place in the life in the desert regions of Africa and Asia where they remain a potential purveyor of milk and meat, in acceptable quantity and quality when other ruminants cease all production and fail not to survive [1] . Camel meat is known by lower levels of fat and cholesterol, and higher amounts of essential amino acids, vitamins, minerals and polyunsaturated fatty acids (PUFAs) in comparison to other red meats [2] . Camel meat, compared to other red meats, is known to be beneficial for health because of its low fat and cholesterol content, but is relatively rich in PUFAs [2] . The camel meat is also rich in myoglobin and other heme compounds (Hb) that could act as pro-oxidants and thus promote the oxidation of lipids [3] .
During the installation of postmortem cadaveric rigidity, water retention depends essentially on the degree of lateral narrowing of the myofibrils and the change of water compartmentalization in muscle tissue [4] . In addition, chilling improves the texture, juiciness and aroma of meat, however, drip loss (DL) occurs throughout the cold chain and represents a considerable economic loss to the red meat industry. The potential for DL is inherent in fresh meat and is related to the development of rigor mortis in the muscle after slaughter and its effect on pH [5] . The postmortem ageing of meat is a very important factor able to influence significantly the structure and chemical properties of meat [6] . This phenomenon depends on physicochemical parameters of meat, essentially extent and rate of acidification, osmolality, glycolysis and proteolysis [7] . After slaughtering, there is a decrease in temperature and pH and an increase in osmotic pressure and expressible juiciness resulting in an improvement of some quality parameters such as texture, water-holding capacity and tenderness of most muscles [4] .
Lipid oxidation of food generates undesirable products and causes the degradation of fat-soluble vitamins and essential fatty acids and it interferes with the integrity and safety of foods through the formation of potentially toxic compounds such as malondialdehyde (MDA) [8] . The oxidation of lipids in the muscle takes place just after the slaughter of the animal and to prevent these reactions, it would be necessary to put in place systems that can maintain or improve the antioxidant/pro-oxidant balance in the muscle [8] .
The dromedary meat could be a significant source of vitamin D [9] . This vitamin D was able to influence function, metabolism, hypertrophic growth, composition and size of the skeletal muscle [10] . In addition, dietary vitamin D3 supplementation increased ultimate pH (pHu), decreased DL and cooking loss (CL) [11] and ameliorated the antioxidant activity [12] . Studies on the effect of preslaughter conditions (transport stress), season, age and shelf life on the postmortem metabolic characteristics of muscle and meat quality in the camel are fragmentary [13] [14] [15] and in the literature, no study has analyzed vitamin D in meat during its cold storage in this species. Thus, the objective of this investigation was to study the effect of the duration of postmortem ageing during a cold storage of 10 d, on the characteristics of quality (pH, osmolality, electrical conductivity (EC), DL and CL), biochemical composition (proteins, lipids total and 25-hydroxyvitamin D (25-OH-D) total contents) and antioxidant status (MDA and catalase (CAT) activity) of the triceps brachii muscle in the dromedary camel.
Materials and Methods
Animals
This study was conducted on eight male and female camels (Camelus dromedarius), in apparent good health, aged 6-14 years and weighing 260-390 kg. These animals were exposed to normal preslaughter handling and road transportation conditions and subsequently held in a lairage for 12-16 h and were intended for slaughter and dressing at the Casablanca Municipality slaughterhouse in the west of Morocco according to ethical procedures.
Samples Collection and Processing
After veterinary inspection, the brachial triceps muscle (triceps barchii) samples (500-520 g) of the right side of each of the camel carcass were removed within 3 h postslaughter. These samples were kept in zipped plastic bags and transported aseptically within 10 min, in insulated box filled with ice to the Laboratory of Pathophysiology and Molecular Genetics at the Faculty of Sciences Ben M'Sik in Casablanca, Morocco, and then were kept in the refrigerator at 4 ± 1 °C. The muscle samples were divided into 10 parts (1-30 g), packaged in a sterile polythene bags, labelled and then were stored in the refrigerator at 4 ± 1 °C for 10 d. Extracts were prepared at 3 h and 24 h postslaughte and 5, 7 and 10 d postmortem cold storage stages and then stored at -80 °C awaiting biochemical and oxidation analysis. All measurements were assessed in duplicate and all reagents were of analytical grade. 
Meat Quality Measurements
.4 Drip Loss
The DL was determined using the method described by Honikel [16] . The DL was recorded on meat samples free of external fat and connective tissue. The samples were weighted (30 g) before and after each storage period at 4 °C. During storage, the samples were hung by a nylon cord in a plastic bag, ensuring the meat had no contact with the juice in the bag. The DL was expressed as percentage of weight loss after cold storage and was calculated from the difference in muscle weight before and after ageing using the following formula: DL% = [(weight before storage -weight after storage)/weight before storage] × 100
(1) 2.3.5 Cooking Loss The CL was determined by method as described by Honikel [16] . At each post-slaughter storage period, the samples (30 g) were placed in polyethylene bag and totally immersed in a water bath at 70 °C for 90 min. After cooking, each sample was cooled in running tap water for 20 min in its exuded fluids and then removed and dried with paper towel. CL was determined as the difference in weight of sample before and after cooking and was expressed as a percentage of the weight before cooking by using the following formula: CL% = [(weight before cooking -weight after cooking)/weight before cooking] × 100 (2)
Biochemical Parameters
Proteins and Lipids Analysis
Total proteins (g protein/100 g sample) and lipids (g fat/100 g sample) contents were determined according to the standard methods of Association of Official Analytical Chemists (AOAC, 2000) [17] . Fat was determined by weight loss after a six-cycle extraction with petroleum ether in a Soxhlet apparatus. Proteins were analyzed according to the Kjeldahl method using the factor 6.25 for conversion of nitrogen to crude proteins.
Analysis of 25-OH-D Total
Pieces of meat (1.5-2 g) were cut into thin sections with a scalpel and homogenized in a food processor
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(300 mL mini-bowl, France) with four to six runs, 6-10 s each in order to achieve an even mix to obtain a homogeneous mixture. The latter was extracted with 2.5 mL of acetonitrile diluted with distilled water (10v/4v) for 3 h, during which the mixture was vigorously shaken at 30 min intervals to facilitate the extraction. The extracts obtained were then centrifuged for 5 min at 4,000 rpm and the supernatant was aliquoted and stored at -20 °C until the subsequent 25-OH-D total analysis. This analysis was carried out using a radioimmunoassay kit designed for use with serum from Biosource (Biosource Europe SA., Belgium; Product KIP1961) [9, 18] . The extraction protocol was an adaption of the method used to extract 25-OH-D in serum samples as specified by the kit manufacturer. The concentration range covered by the assay kit standards was from 1.5 ng/mL to 172 ng/mL and the range encountered for meat extracts in this study was 1.6 ng/mL to 50 ng/mL. According to the manufacturer the lower detection limit of 25-OH-D was 0.6 ng/mL. Average coefficients of variation for typical runs of meat samples were 9.2%.
Assessment of Lipid Oxidation
MDA Dosage
The test was performed by the method of Botsoglou et al. [19] . As a marker of lipid oxidation, MDA was extracted from muscle homogenized powder (1 g). Briefly, 5 mL of 0.8% butyl hydroxytoluene in hexane and 8 mL of 5% thiobarbituric acid in H 2 O were added to camel meat sample. After crushing and adding 2 mL of hexane, the mixture was centrifuged for 10 min at 10,900 g to recover the aqueous phase. Then 0.7 mL of 5% trichloroacetic acid and 1.5 mL of 0.8% thiobarbituric acid were added to the previously filtered aqueous phase. The sample was heated in a water bath at 70 °C for 30 min, cooled in an ice bath and, after addition of 1 mL n-butanol, centrifuged for 10 min at 680 g to recover the complex MDATBA2 present in the upper phase. Finally, the optical density of the supernatant was measured at a wavelength of 530 nm against white. The concentration of MDA was calculated according to the formula: C = 103OD/εχLD (3) where C: concentration of MDA in μmol/mL; OD: optical density read at 530 nm; ε: molar extinction coefficient of the MDA = 1.56×10 5 /M/cm; L: optical path length = 0.779 cm; χ: volume of the sample (mL); D: dilution factor.
2.5.2 Evaluation of CAT Activity CAT activity was measured using the method of Aebi [20] . An enzyme fraction was prepared from 2 g of the sample which was cut and homogenized in three volumes of phosphate buffer (0.1 M, pH 7.4) by homogenizer. The homogenate obtained was centrifuged at 2,000 rpm for 30 min at 4 °C and on the final supernatant the activity of the CAT was analyzed. The disappearance of the hydrogen peroxide was monitored spectrophotometrically at 240 nm for 2 min according to the following formula:
(4) where A 1 : absorbance at the first minute; A 2 : absorbance at the second minute; T: time interval in minutes.
A molar extinction coefficient of 0.041/mM/cm was used to determine CAT activity defined as the decrease of H 2 O 2 /min/g of muscle.
Statistical Analysis
All values were expressed as Mean ± Standard Error of the Mean (SEM). Data were analyzed using analysis of variance (ANOVA) of the general linear models procedure of the Statistical Analysis System software (SAS, 2005) [21] . Duncan's multiple range test was used to determine if significant differences existed among ageing times; p < 0.05 was considered as the level of significance.
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Results
Meat Quality Measurements
The pH, Osmolality and EC
The results of this investigation showed that the mean postmortem values of pH in the triceps muscle pH showed a significant (p < 0.05) decrease from 3 h to 24 h postmortem (6.71 ± 0.12 vs. 5.61 ± 0.23) and then settled down after 24 h ( 
Biochemical Analysis
The mean postmortem values of total proteins, lipids and 25-OH-D contents in triceps did not show any significant variation during the whole period of cold postmortem storage (Fig. 1) . In the triceps muscle, the levels of 25-OH-D total (ng/g) were 3.39 ± 1.47, 2.99 ± 0.81 and 3.89 ± 0.91, respectively, 3 h, 7 d and 10 d postmortem (Fig. 1) .
Table 1 Effect of ageing on quality parameters (pH, electrical conductivity (EC), osmolality, drip loss (DL) and cooking loss (CL)) in triceps muscle (triceps brachii) of camels at 3 h and 24 h postslaughter and 5, 7 and 10 d postmortem during storage at 4 ± 1 °C.
3 
Assessment of Oxidative Stability
The MDA (mg/kg) content in triceps muscle measured at the 10th postmortem day was significantly (p < 0.05) higher compared to that analyzed at the 5th postmortem day (3.76 ± 1.23 vs. 1.15 ± 0.75) ( Table 2 ). However, in the same muscle, CAT activity analyzed at the 10th postmortem day was significantly (p < 0.005) higher compared to that observed at 3 h postmortem stage (62 ± 15 vs. 231 ± 56) ( Table 2 ).
Discussion
The results obtained in this study showed that ageing time of triceps muscle influenced significantly quality characteristics and oxidative stability from the 5th or 7th postmortem days of ageing onwards. The pH and CAT activity significantly decreased while osmolality, EC, DL, CL and MDA contents significantly increased during postmortem cold storage (4 ± 1 °C) of camel meat, however, no differences were found in proteins, lipids and 25-OH-D total contents.
According to Smili et al. [22] , the pH drop of camel meat is gradual to reach an ultimate value in the range of 5.71 h to 24 h postmortem. In the dromedary, the muscle pHu ranged from 5.7 to 6.0 and was higher than that of other animal species [2, 13] . Some authors have explained this difference by a low level of glycogen stores at slaughtering, a low level of glycolysis enzymes and significant gluconeogenesis in the dromedary [13] . The pHu of meat is influenced by several parameters such as preslaughter handling, postmortem treatment and muscle physiology and its high values may be explained by a low level of muscle glycogen stores [13] .
The final postmortem level and rate of pH drop in the muscle could impact the water retention and processing ability of meat. In fact, a significant and positive correlation had been found between pHu and water retention capacity and tenderness in beef [23] and pig [24] . In addition, the red index (a*), DL and shear force decrease while CL increase with increasing residual glycogen concentration in muscle. Moreover, in studies on beef by Villarroel et al. [25] and on dromedary camel [26] , it was shown that meat with a higher pH had greater water-holding capacity than that with a low pH. DL appears to be influenced by many factors such as breed, diet and physiological history, rate of chilling, storage temperatures, freezing, thawing, species and muscle type. Generally, beef tends to lose proportionately more drip than pork and lamb [5] .
Benaissa et al. [26] had reported a significant positive correlation between the mean values of muscle pH and EC of the triceps brachii muscle at different postmortem times in adult dromedary camels.
This trend may be attributable to the relationship between electrical properties and glycolytic rate. In addition, DL increased in summer in camels [15] , cattle [30] and lambs [31] . DL is of great importance for determining the technological performance and market value of meat. In the camel, the biochemical characterization of the meat showed higher DL, mainly explained by the rate and extent of pH fall [22] .
According to Dawood [32] and Gheisari et al. [33] , the DL in the camel meat had been found influenced by freezing, age and cutting type. DL of camel and cattle muscles significantly increased during frozen storage time and the two animal species often had the same DL [34] . In parallel with the acidification of the muscle, there is an increase in the osmotic pressure of the tissues following the accumulation of lactic acid in the medium and the increase of the mono and divalent ions thus from a physiological value of 300 mOsm to values close to 550-600 mOsm [29] . The increase of the osmolality of a muscle is directly and linearly related to the drop in pH and the speed of contraction (480-500 mOsm for slow-twitch muscles and 550 mOsm for fast-twitch muscles) [29] .
EC had been largely used to assess the quality of meat; in the camel, EC measured at 48 h was significantly lower in winter than in summer [15] . Farouk et al. [34] indicated that frozen storage of cattle meat decreases the water-holding capacity (WHC) slightly, but after nine months WHC has a rapid fall. This phenomenon has been attributed to the mechanical loosening of muscle tissue by the formation of ice crystals. Also, decreasing pH due to freezing may account for reduced WHC. Farouk et al. [34] showed that slowly frozen and thawed beef meat has higher amounts of thaw drip loss compared with fast frozen samples. The difference in thaw drip between the two freezing regimes was greater in the early storage period and narrowed during storage time. More drip in slowly frozen meat may have resulted from greater structural damage associated with larger intracellular ice crystals produced during slow freezing [5, 8] .
In camel meat, many factors were previously reported to affect the CL including age, degree of marbling and moisture content [2] , ageing and electrical stimulation [35] , storage time [36] and muscle type [2] . According to Hamm [37] , changes in CL of meat is essentially related to water transfers between intra-and extra-cellular compartments, or to retraction of connective tissues, but not alterations of the myofibrillar system. Some authors, such as Offer and Knight [4] , consider that the movements of water in the myofiber are essentially related to myofibrillar expansion or retraction. In addition, Bouton et al. [23] had suggested that the best tenderness at high pH is probably due to the greater amount of water remaining in the meat after cooking.
In the study reported here, MDA contents were significantly higher, whereas CAT activity was significantly lower at the last postmortem stages than those measured at the 3rd hour of cold storage. One of the main factors limiting the quality and acceptability of meat and meat products is lipid oxidation. The oxidation of oxymyoglobin and lipids, as well as microbial contaminations leads to discoloration, DL and the production of potentially toxic compounds [5] . Endogenous and/or exogenous proteolytic enzymes decompose the structural meat proteins and produce nitrogenous compounds. The meat levels of MDA as indicators of oxidative rancidity were continuously increased during the first 10 d of cold storage due to the generation of free short-chain fatty acids by microbial enzymatic hydrolysis, which are very susceptible to oxidation and form unstable lipid hydroperoxide [33] .
In the camel, lipid peroxidation is one of the main causes of deterioration in the quality of raw and cooked meat products during refrigerated or frozen storage [38] . During the preservation of fresh meat, the development of pathogenic or altering microorganisms and the oxidation of lipids and pigments, causes rancid flavors and discoloration on the surface which limits the storage time [8] and remains a major concern for industry and the consumer. Lipid oxidation is a complex phenomenon that results in the formation of volatile and non-volatile compounds, including aldehydes such as pentanal, hexanal and MDA, the dosage of which is widely used in laboratories [8] .
Maqsood et al. [39] studied protein and lipid characterization of fresh camel meat during 9 d of refrigerated storage at 4 °C. They found that camel meat undergoes a lipid oxidation at a more pronounced level on the 3rd day of cold storage, then a decrease in the peroxidation index, the 9th day. In addition, they were able to deduce a rapid oxidation resulting in an increase in the peroxidation index and the level of MDA. In the same context, a decrease in pigments of total heme was observed during refrigerated storage of beef meat [40] . This decrease is associated with a release of iron capable of accelerating lipid oxidation and reacting with peroxides to stimulate the formation of compounds capable of initiating and propagating it [40] . These reactions would be all the more important as the antioxidant levels were reduced during the slaughtering periods. Furthermore, rearing factors are likely to impact certain characteristics of the animal and its meat, thus contributing to the appearance of oxidation phenomena during the storage of meat [8] .
In the present study, during cold storage of camel meat for 10 postmortem days, the levels of proteins, lipids and 25-OH-D total showed no significant variation. The proteins concentration of drip is about 140 mg/mL, about 70% of that of meat itself. These proteins are the intracellular, soluble proteins of the muscle cells. The red colour is due to the protein myoglobin, the main pigment of meat [41] . Several decades ago, Nasr et al. [42] already pointed out that camel meat was relatively lean, containing between 0.92% and 1.02% fat compared to 1.2% to 4.88% in cattle, with a fat disposition in the bump and abdominal cavity. The total saturated fatty acids and unsaturated fatty acids content of this meat were 58.46 mg/100 g and 41.5 mg/100 g, respectively. The results observed here and those reported in a previous investigation [9] showed that the camel meat may be a source of 25-OH-D. Vitamin D status impacts skeletal muscle function, metabolism and hypertrophic growth and muscle fibre composition and size [10] . Vitamin D might influence the postmortem muscle pH values and consequently it's WHC. In fact, previous studies in beef steers and pork reported that dietary vitamin D3 supplementation increased pHu and WHC, decreased DL, squeezable water and CL [11] and participated in antioxidant activity [12] .
Conclusions
These results indicate that, during a refrigerated storage of meat for 10 d, ageing time influenced significantly its quality characteristics and oxidative stability from the 5th or 7th postmortem day, without any variation of proteins, fat and 25-OH-D contents in the dromedary camel.
